B A C K G R O U N D Description of the condition
The world is facing a chronic shortage of well-trained healthcare workers, with an estimated need for 7.2 million worldwide. This number is expected to reach 12.9 million by 2035 (Campbell 2013). Low-and middle-income countries (LMICs) are the most affected, and migration of healthcare workers from these countries furthers the existing problems of inadequate infrastructure and a scarce healthcare workforce. The World Health Organization (WHO) has warned that the health of billions of people will be affected with serious complications if this problem is not addressed now (WHO 2013) . The shortage and disproportionate distribution of doctors is also aggravated by the inadequacy of training programmes available worldwide (Chen 2010). The content, organisation, and delivery of current medical programmes often fail to equip healthcare workers (medical doctors, nurses, pharmacists, allied health professionals, etc.) with the skills, competencies, experience and expectations needed to meet the changing health needs of the world (Frenk 2010). In such a context, it becomes essential to enable, develop and promote educational programmes which increase not only the number of healthcare workers, but also the quality and relevance of their training, to meet these new challenges (WHO 2011) . For the purpose of this review, we will focus on medical students' education programs (those that lead to them becoming medical doctors), and we will examine other health professionals' education in a separate review.
Description of the intervention
Medical schools prepare future doctors. Hence, the quality of health care depends (in part) on the quality of medical education. Through medical training programs, future doctors learn the theoretical knowledge and practical skills, and develop the professional attitudes, needed in their day-to-day work. Medical practice is changing constantly in the following ways:
• basic theoretical knowledge changes with new scientific discoveries, new theories and evidence;
• rapid technological development requires new practical skills, e.g. the use of new clinical tools; and
• new working concepts, e.g. greater emphasis on patient responsibility for self-management of their diseases, require new attitudes.
Medical education has to adapt and evolve to prepare current students to face these changes. Of particular importance is developing the ability of medical students to search for available knowledge, along with the capacity and willingness to engage in critical reasoning and collaborative practice (Frenk 2010) . The increased use of information and communication technologies (IT) is recognised as one of the key strategic platforms to build strong education and training systems (Crisp 2008). The application of IT in the educational context is referred to as eLearning, which is defined as "an approach to teaching and learning, representing all or part of the educational model applied, that is based on the use of electronic media and devices as tools for improving access to training, communication and interaction and that facilitates the adoption of new ways of understanding and developing learning" (Sangrà 2012). eLearning is a growing field due to the advances in modern technology and current applications of use, accentuated by the increased volume of and access to information (Frenk 2010). If eLearning is used in a mixed delivery mode (i.e., in combination with traditional education strategies such as classroom face-to-face discussion), we will refer to it as "blended learning". eLearning consists of many different types of interventions that can be categorised according to their tools, content, learning objectives, pedagogical approaches and delivery settings (Chua 2004). The current and potential users of eLearning have different needs and there are different resources available. We will categorise eLearning according to the resources required for the eLearning intervention to work, but also according to pedagogical aspects. Alternative approaches are likely to make evidence synthesis very difficult, if not impossible. eLearning includes, but is not limited to, offline and online computer-based eLearning, Digital Game-Based Learning (DGBL), Massive Open Online Courses (MOOCs), Virtual Reality Environments (VRE), Virtual Patient Simulations (VPS), Psychomotor Skills Trainers (PST) and mLearning. Each of these types of eLearning has its own specificities, and related advantages, limitations and challenges. This Cochrane review is part of a series of Cochrane reviews evaluating the efficacy of different types of eLearning in improving skills, knowledge and attitudes of pre-and post-registration health professionals during formal education (Paul 2016; Saxena 2016; Tudor Car 2015; additional protocol publications pending). This review will focus on offline computer-based eLearning for preregistration (i.e. undergraduate) medical students' education. Offline computer-based eLearning was one of the first forms of eLearning, used before the internet became available on a global scale. Unlike online eLearning, offline computer-based eLearning requires no internet or local area network connection. Offline computer-based eLearning can be delivered through media including CD-ROM, external hard disc, and USB stick. Offline eLearning is likely to play an important role in medical students' education in the next decades owing to the limited availability of and challenges to a reliable internet connection that still persists in LMICs (International Telecommunication Union 2013). In areas with limited teaching facilities, knowledge, equipment, infrastructure and or resources available, this type of eLearning may be particularly efficient in increasing the quality, affordability and availability of medical education, especially as eLearning content can be multi-media rich and thus require high-volume data transfers at high speed.
How the intervention might work
eLearning is recognised as an opportunity for a significantly different mode of learning from traditional learning, including increased self-directedness, independent learning and variability of the design to suit the learners' needs and preferences. It also helps to improve accessibility in terms of depth and breadth of content, flexibility to transcend geographical boundaries and time zones, time of learning and its pacing, opportunities for economies of scale, and reduced education-related expenses. Offline eLearning accommodates scenarios with limited internet access, teaching workforce, and operating systems necessary for traditional learning. Moreover, offline eLearning allows for learning at one's own pace. For students, offline computer-based eLearning solves geographical and temporal obstacles they may face. Firstly, students can take a course anywhere, which cuts down on the time and cost of transportation to and from class. Secondly, offline computer-based eLearning allows students to choose a course from a wide range of schools. Thirdly, a course supported by traditional education is "only one time" exposure for students. However, courses provided by offline computer-based eLearning can be reviewed, repeated, interrupted, and resumed at will, so students can complete the course on their preferred schedule. With offline eLearning, core educational material can be delivered to the students during clinical placements in rural and remote settings. Therefore, offline eLearning can assure that all remote students, regardless of location and internet access, will have the same access to learning and materials as urban-based colleagues. Since offline computer-based eLearning removes the geographical and temporal constraints on students and academic staff, collaborating schools may share the same offline eLearning courses which may eventually lead to the awarding of a degree that is universally recognised across institutions (Greenhalgh 2001). Therefore, schools could expand student numbers and reduce costs for academic educators and equipment.
Possible disadvantages and risks of the Intervention
It is important to take into account the potential disadvantages and risks of offline eLearning interventions for medical students, such as potential feelings of depression and loneliness, drop-out risks and computer anxiety (Rasmussen 2014). The use of offline eLearning needs infrastructure (such as electricity and cost) as well as digital literacy. A lack of either could result in increased drop-out rates and poor performance.
Why it is important to do this review
Past reviews have underlined the need for further research and reviews on the topic of offline computer-based eLearning, due to the limited scope of existing evaluations, in terms of outcomes (user enjoyment and satisfaction towards eLearning), duration (short term rather than long term), professional field (medical education) and educational context (mostly high-income countries) (George 2014; Greenhalgh 2001; John 2013; Rasmussen 2014). Furthermore, two of the reviews that investigated the effect of offline eLearning used search strategies that may have missed relevant studies, and were published over a decade ago (Greenhalgh 2001; Rosenberg 2003).Our review will investigate offline computerbased eLearning interventions for medical students' education and will address the existing gaps through:
• updating the fast growing body of evidence on the effectiveness of the intervention;
• focusing on offline computer-based eLearning interventions for medical students' education;
• focusing on the intervention as a tool for delivering medical education, and as a means for assessment and group examination;
• evaluating the impact of the intervention on medical students' theoretical knowledge, practical skills, professional attitudes, and satisfaction with offline computer-based eLearning;
• including evidence from LMICs;
• being integrated in a series of reviews and a final overview, which will provide a systematic, comprehensive picture of the multiple applications of eLearning.
O B J E C T I V E S
The primary objective of this review is to assess the effects of offline, computer-based eLearning compared with 'traditional' learning and other types of eLearning interventions for medical students' knowledge as well as changes in skills and attitude towards the intervention. Additionally, as secondary objectives, this review will assess the economic impact (cost-benefit, cost-utility or cost-effectiveness), unintended adverse effects, and medical students' satisfaction with using offline and computer-based educational interventions.
M E T H O D S Criteria for considering studies for this review

Types of studies
We will include randomised controlled trials (RCTs), cluster RCTs (cRCTs) and quasi-RCTs. We will exclude cross-over trials due to the high likelihood of carry-over effect.
Types of participants
We will include studies with participants who are medical students enrolled in a pre-registration, university medical degree. We have defined pre-registration education as any type of study leading to a qualification that: (i) is recognised by the relevant governmental and professional bodies of the country where the study was conducted; and (ii) entitles the medical degree qualification-holder to apply for entry level medical doctor positions in the healthcare workforce. Participants will not be excluded on the basis of age, gender or any other socio-demographic characteristic. If a study includes both pre-and post-registration students and presents their data separately, then we will include the information relating to preregistration students. If it is impossible to distinguish data from these two groups of students, the study will be excluded. We will also exclude trials of individuals undertaking studies of traditional and complementary medicine.
Types of interventions
We will include studies in which offline computer-based eLearning interventions were used to deliver the learning content of the course. This includes studies where offline computer-based eLearning methods are the sole means by which the interventions are delivered, or where offline computer-based eLearning methods are part of a complex, multi-component intervention (i.e. blended learning). Blended learning studies will be included in formal synthesis only if the contribution of offline eLearning to overall learning has been assessed. If this is not the case, studies will not be synthesised in the review. In cases where the offline computerbased eLearning intervention could fit into multiple categories of eLearning intervention (e.g. both offline and digital game-based) then the studies will be excluded and will be reported in the other review (e.g. digital game-based learning). We will only include studies published from 1990 onwards, because the use of IT in medical education was uncommon before this year. We will exclude studies that compare offline computer-based learning to other forms of eLearning interventions (online, VRE, VPS, DGBL, psychomotor, mLearning), as these studies will be reported separately in focused reviews. Therefore, the included studies will be of offline, stand-alone software applications, where internet/intranet connections are not required for the learning activities. The main tasks of the eLearning software will be performed on a personal computer or laptop (with hard keyboard). The delivery channel of the computer-based intervention will typically be via CD-ROM, DVD, hard disc or USB memory stick. The focus is not on the delivery mode of the software but on the learning activities, which do not have to rely on any online connection. Interventions where an internet connection is essential in order to provide its full functionalities will be excluded from this review.
Types of outcome measures
To be eligible for inclusion, studies have to report at least one of the following primary or secondary outcomes:
Primary outcomes
• Medical students' knowledge, measured using any validated or non-validated instrument to measure difference in pre-and post-test scores. If several post-test results are available, data as to when those tests were conducted will be recorded and the difference between the pre-test and the first post-test will be used for the analysis. When applicable, the difference between the pre-test and the last-test available will be used for the sensitivity analysis (see Sensitivity analysis below).
• Medical students' skills, measured using any validated or non-validated instrument (e.g. pre-and post-test scores, time to perform a procedure, number of errors made whilst performing a procedure).
• Medical students' professional attitudes towards patients (e.g. awareness of moral and ethical responsibilities involved in patient contact) and/or towards new clinical knowledge or skills measured using only validated instruments.
Secondary outcomes
• Educational economic aspects of the intervention (e.g. costeffectiveness, implementation cost, return on investment).
• Changes in accessibility and/or availability of education (including measures relating to geographical dispersion of students, student/teacher contact time and duration of access to educational resources).
• Adverse and/or unintended effects, such as feelings of depression and loneliness, drop-out risks and computer anxiety.
• Medical students' satisfaction with the intervention, measured using any validated or non-validated instruments (e.g. retention rates, drop-out rates, survey satisfaction scores).
• Patient-related outcomes (for interventions delivered to medical students in clinical settings, or if measured long term after students' graduation when they become doctors and assume direct clinical care responsibilities).
Search methods for identification of studies Electronic searches
We will search the following databases: We will use the MEDLINE strategy and keywords presented in Appendix 1. This will be adapted to search the other databases. Databases will be searched from and including the year 1990 to present. The reason for selecting 1990 as the starting year for our search is because prior to that year, the use of the computers and the internet was limited to very basic tasks. We will search for and include papers in any language. We will define and use a common search strategy for all of the Cochrane reviews in our series on eLearning for health professional education, as mentioned in the 'Types of interventions' section. We will screen references in multiple steps to ensure maximum sensitivity and specificity. Two independent authors will conduct all steps of the screening. In the first step of screening titles and abstracts, references will be sorted into defined groups e.g., offline eLearning, online eLearning, virtual patients, massive open online courses (MOOCs), mLearning, psychomotor skills trainers and VRE. For any references where authors are unsure of categorisation or whether the study meets inclusion criteria, we will obtain a full-text article to aid decision making and ultimately use a third author as an arbiter where uncertainty remains.
Searching other resources
We will search reference lists of all studies that we deem eligible for inclusion in our review, and relevant systematic reviews. We will also search the International Clinical Trials Registry Platform Search Portal and Current Controlled Trials metaRegister of Controlled Trials to identify unpublished trials, and contact the relevant investigators for further information. We will also contact key experts (as identified by publications that meet inclusion criteria) and will enquire what work in this area has been done and not published.
Data collection and analysis
Selection of studies
We will implement the search strategies, as described in the 'Electronic searches' section, and import all the references identified to reference management software. The search results from different electronic databases will be combined in a single library and we will remove duplicate records of the same reports. Two screeners will independently screen titles and abstracts to identify potentially-relevant studies. We will retrieve full-text copies of those articles deemed potentially relevant. Finally, two screeners will independently assess the full text of the retrieved articles for compliance with the reviews' inclusion and exclusion criteria. Any disagreements will be resolved through discussion between the two screeners. If no agreement can be reached, other authors will act as arbiters. Studies that initially appeared to be relevant, but are excluded at this stage will be listed in the 'Characteristics of excluded studies' table, where a reason for exclusion will be noted. Two review authors will verify the final list of included studies. The selection procedure will be calibrated on 500 citations.
Data extraction and management
Two review authors will independently extract and manage the data for each of the included studies using a structured data recording form. We will pilot the data extraction form and amend it according to the received feedback. In addition to the usual information on the study design and participants' demographics, we will extract data on other relevant fields, including the type of device used, delivery channel/method (CD-ROM, external hard disc, USB stick etc.), type of content (video, text, images, etc.), and mode of offline eLearning (active or passive, linear or dynamic). We plan to contact study authors in any cases of unclear or missing information. Disagreements between review authors will be resolved by discussion. A third review author will act as an arbiter in cases where disagreements cannot be resolved.
Assessment of risk of bias in included studies
Two review authors will independently assess the methodological quality of RCTs and cRCTs using Cochrane's 'Risk of bias' assessment tool (Higgins 2011). We will pilot the 'Risk of bias' assessment, comparing results between authors, and contact study authors in any cases of unclear or missing information. RCTs will be assessed for risk of bias using the following domains: random sequence generation; allocation sequence concealment; blinding (participants, personnel); blinding (outcome assessment); completeness of outcome data, selective outcome reporting; and other sources of bias. For cluster RCTs, we will also assess the risk of these additional biases: recruitment bias; baseline imbalance; loss of clusters; incorrect analysis; and comparability with individually randomised trials. Judgements concerning risk of bias for each study will be classified using 'yes', 'no' or 'unclear' indicating high, low or unclear risk of bias, respectively. We will incorporate the results of the 'Risk of bias' assessment into the review using 'Risk of bias' tables, a graph and a narrative summary.
Measures of treatment effect
For continuous outcomes, we will calculate the mean difference (MD) and 95% confidence intervals (CI) for individual studies. For dichotomous outcomes, we will calculate the risk ratio (RR) and 95% CI. We will inflate the variances for clustering in cRCTs when the cluster size, number of clusters and the intra-class correlation coefficient (ICC) (or estimate equivalent) will be attained for a study. If more than one study measures the same outcome using different tools, the MDs for each study will be recalculated into a standardised mean difference (SMD), by dividing the study MD between groups by the standard deviation of outcome among participants.
Unit of analysis issues
For cRCTs, we will attempt to obtain data at the pre-registration student level. In cases where the statistical analysis of the cRCT has already been adjusted for clustering of data, we will simply extract the reported effect estimates and use them directly in our analysis. In those cases where the individual data are not available in the study report, we will start by contacting the author(s) to request the required information and then include it in the meta-analysis using the generic inverse-variance method in Review Manager 5 (RevMan 2014), which accounts for the clustering of data. If access to student-level data is not possible, a summary effect measurement will be extracted for each cluster. The number of clusters will be considered as the sample size and the analysis will proceed as if the trial was individually randomised. It must be noted that this technique will, however, reduce the statistical power of the analysis.
Dealing with missing data
In the case of missing data, we will contact the original investigators for clarification or to request missing information. If we are unable to obtain the missing data, we will use data available from the studies and assess the risk of bias through the criterion 'incomplete outcome data'. We will not impute any missing outcome data. We will discuss in the review all assumptions and subsequent procedures used to deal with missing values. We will, where possible, conduct analyses on an intention to-treat basis.
Assessment of heterogeneity
We will decide if it is appropriate to pool our measures of effect by assessing if the included studies are similar enough (in terms of their population and intervention characteristics, and their reported outcomes) to result in meaningful conclusions. If a metaanalysis of the included studies is indicated, we will assess statistical heterogeneity by visual inspection of the scatter of effect estimates in the forest plot and by calculating the I 2 statistic (Higgins 2011). In cases of high degrees of heterogeneity (I 2 greater than 0.5), we will explore possible reasons for variability by conducting subgroup analyses. Where we detect substantial clinical, methodological or statistical heterogeneity across included studies, we will not report pooled results from meta-analyses, but will instead use a narrative approach to data synthesis. In this event we will attempt to explore possible clinical or methodological reasons for this variation by grouping studies that are similar in terms of populations, intervention features, methodological features, or other factors to explore differences in intervention effects.
Assessment of reporting biases
Reporting bias will be assessed qualitatively in the first instance, based on the characteristics of included studies (eg. if only small studies that indicate positive findings are identified for inclusion), and if information that we obtain from contacting experts and authors of studies suggests that there are relevant unpublished studies. If we include at least 10 studies, we will assess reporting bias using a funnel plot regression, weighed by the inverse of the pooled variance. A regression slope of zero will be interpreted as absence of small study bias.
Data synthesis
Data will be reported using Review Manager 5 (RevMan 2014). Extracted data will be entered into tables grouped by study design and type of intervention to create a descriptive synthesis. Using Miller's classification of clinical competence (Miller 1990 ) the different types of tests for students' knowledge and skills will be grouped and analysed together. For example, multiple choice questions assessing knowledge (i.e. 'knows') will be analysed together and essay questions assessing competence (i.e. 'knows how') will be analysed together. The focus will therefore be on the testing method rather than the delivery method (i.e. if skills were assessed by a knowledge test, it would be categorised as knowledge). For students' professional attitudes the different types of assessment will be grouped and analysed as cognitive attitudes, behavioral attitudes or affective attitudes as described by Martin 2002. Students' satisfaction will include the satisfaction and attitudes towards the learning intervention they were exposed to. Students' professional attitudes and satisfaction will only be assessed narratively, as preliminary work conducted by the Global eHealth Unit (George 2014; Rasmussen 2014; WHO 2013) suggests that there is a high level of heterogeneity in the operational definition of these outcomes across different studies. Where studies report more than one measure for each outcome the primary measure as defined by the primary study authors will be used in the analysis. Where no primary measure has been reported, a mean value of all the measures for the outcome will be calculated and used in the analysis. We will decide whether to pool data quantitatively depending on statistical, methodological and clinical heterogeneity, to ensure meaningful comparisons. If meta-analysis is feasible, we will use a random-effects model. We will use MD (for outcomes measured using the same scale) and SMDs (for outcomes measured with different scales) for pooling and summarising continuous outcomes, and RRs for pooling and summarising dichotomous outcomes, as measures of treatment effect (along with their 95% CIs). The Mantel-Haenszel meta-analytic method (Mantel 1959) will be used for analysis of dichotomous outcomes, and for the analysis of continuous outcomes we will use the inverse variance meta-analytic method, using Review Manager 5 (RevMan 2014). Where possible, we will conduct analyses on an intention-to-treat basis. We will include all RCTs regardless of their sequence generation bias rating, if the meta-analysis of all included studies is feasible and appropriate.
Subgroup analysis and investigation of heterogeneity
We will perform the following subgroup analyses (i.e. stratified analyses) in this review:
• stratified by countries' income (LMICs versus high-income countries);
• stratified by number of repeated interventions (one-off versus repeated interventions);
• stratified by blended eLearning versus solely offline computer-based eLearning;
• stratified by categories of duration of exposure to the intervention;
• stratified by types of devices used for delivery of the intervention.
We acknowledge that there are many other subgroup analyses that could be performed, for example comparing interventions according to learning objectives and interactivity of interventions. Future reviews conducted after completion of our series of initial reviews will be in the best position to do this, because such comparisons would be most meaningful from the perspective of an educator if multiple methods of eLearning were to be compared.
Sensitivity analysis
Sensitivity analyses will be considered to explore the impact of the 'Risk of bias' dimensions on the outcomes of the review. We will purposefully exclude studies according to the following filters:
• high risk of bias studies (as specified above); • grey area studies (i.e. those categorised as both web-based and computer-based);
• smallest studies;
• time lapse between end of intervention and first post-test (quartiles), as well as last post-test;
• unpublished studies;
• source of funding, divided into:
• industry sponsorship (solely industry funded),
• mixed sponsorship (public and industry funded, including free provision of study material only),
• non-industry sponsorship (solely publicly funded and no free provision of material),
• not described.
If studies compared more than one offline eLearning or blended learning intervention to traditional learning, we will perform a sensitivity analysis to assess the impact of successively replacing the results of each intervention group on the measure of effect. Additionally, we will average the mean scores for each intervention group and use this average in the meta-analysis. We will then compare the difference between the two approaches.
'Summary of findings' table
We intend to prepare a 'Summary of findings' table to present the meta-analysis results, based on the methods described in chapter 11 of the Cochrane Handbook for Systematic Reviews of Interventions (Schünemann 2011). We will present the results of metaanalyses for the major comparisons of the review, for each of the major primary outcomes, as well as potential adverse effects, as defined in the 'Types of outcome measures' section. Two authors will use the GRADE criteria to rank the quality of the evidence using the GRADEprofiler (GRADEpro) software (Schünemann 2011). We will provide a source and rationale for each assumed risk cited in the 
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